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INTRODDCTION 

The  pelleting  of  finely  ground  grain,  feed  concentrates,  and  forages 
has  beccxne  a  fairly  ccwinon  practice.  Interest  has  been  shown  by  commercial 
lamb  feeders  in  completely  pe3J.eted  lamb  fattening  rations  varying  in  pro- 
portion of  roughages  to  concentrates.  Several  s tudies  have  been  conducted 
at  different  experiment  stations  to  determine  the  feed  efficiency  and  rate 
of  gain  of  pelleted  rations  versus  non-pelleted  rations  for  lambs.  The  re- 
sults of  these  studies  indicate  that  pelleted  rations  produce  greater  gains 
with  greater  feed  efficiency  than  similar,  but  non-pelleted,  rations. 

Very  little  is  reported  in  the  literature  comparing  dehydrated  alfalfa 
meal  xd-th  suncured  alfalfa  hay  when  used  in  pellet  form  and  only  one  report 
has  been  recorded  showing  the  comparisons  of  digesticm  trials  and  balance 
studies  v;ith  lambs  fed  ccxnpletely  pelleted  rations  and  similar  unpelleted 
rations.  This  experiment  was  performed  to  further  study  the  feed -lot  effi- 
ciency and  utilization  of  pelleted  and  unpelleted  raticxis  with  varying  con- 
centrations of  hay  and  grain  for  fattening  lambs.  The  ccmparative  value  of 
suncured  alfalfa  hay  and  dehydrated  alfalfa  meal  in  the  pellet  form  was  also 
studied. 

REVIEW  OF  LITERATURE 

Neale  (8)  of  the  New  Mexico  Agricultural  Experiment  Station  has  con- 
ducted some  of  the  most  extensive  tests  with  pelleted  rations  for  sheep. 
Neale «s  original  interest  in  1950  was  to  utilize  low  quality  alfalfa  hay  by 
COTibining  it  with  grain  and  molasses  into  a  pellet  form. 


In  1953  Neale  (6)  published  the  results  of  three  years  of  feeding 
trials  in  which  self -fed  pellets  were  made  from  the  low  quality  alfalfa  hay, 
sorghum  grain  and  molasses.  The  non-pelleted  ration  was  composed  of  bright 
green,  fairly  fine  stemmed  alfalfa  hay  and  sorghum  grain.  The  pelleted  ra- 
tion, in  spite  of  the  low  quality  hay  used,  produced  an  average  increase  of 
0.13  pound  daily  gain  per  head  and  saved  an  average  of  3U7  pounds  of  feed 
per  100  pounds  of  gain.  The  feeding  period  was  also  reduced  by  an  average  of 
20  days  by  self-feeding  the  pelleted  rations.  The  cost  of  labor  for  self- 
feeding  was  much  lower  than  for  hand-feeding. 

In  later  trials  by  Neale  (9),  different  levels  of  alfalfa  (50  percent, 
60  percent,  and  70  percent)  in  the  pellets  were  tested  with  both  light  and 
heavy  lambs.  In  terms  of  daily  gains  and  feed  efficiency,  the  light  lambs 
did  better  on  the  pellets  containing  60  percent  or  70  percent  alfalfa  than 
they  did  on  the  pellets  containing  50  percent  alfalfa.  With  heavy  lambs 
the  performance  was  definitely  better  with  the  pellets  containing  the  higher 
percentage  of  alfalfa.  The  percentage  roughage  and  concentrate  that  seemed 
most  efficient  was  73  and  27,  respectively.  A  crude  fiber  percentage  of  15 
to  20  percent,  a  nitrogen-free  extract  of  U8  to  50  percent,  and  a  calculated 
total  digestible  nutrient  percentage  below  60  percent  seemed  to  be  best  in 
these  self -fed  cubed  mixtures. 

Similar  results  were  obtained  at  the  Illinois  Agricultural  Experiment 
Station  (Gate,  et  al.,  3).  Feeding  trials  with  lambs  in  which  pelleted  ra- 
tions containing  timothy  hay  as  well  as  alfalfa  hay  were  studied.  These 
studies  were  conducted  to  determine  the  effect  of  self -fed  pelleted  and  self- 
fed  meal  rations  of  varied  quality  on  the  rate  and  econcany  of  gain.  The  full- 
fed  rations  in  all  lots  contained  60  percent  concentrates  and  UO  percent 


roughage.     GcHisiderable  l-nproveraent  in  daily  gain  and  feed  efficiency  was 
obtained  when  timothy  hay  was  the  roughage.     Lambs  on  pelleted  timothy  ra- 
tions outgained  lambs  on  loose  rations  of  coni  and  alfalfa.     This  agrees 
with  Weale's  report  in  that  pelleting  offers  a  means  of  using  low  quality, 
low  cost  roughages  to  an  advantage,  but  pelleting  of  the  ration  containing 
alfalfa  meal  and  corn  was  of  slight  value,  hardly  enough  to  warrant  the  cost 
of  pelleting, 

Thanas,  et  al.   (12)  reported  that  lambs  fed  either  partially  pelleted 
or  completely  pelleted  rations  gained  faster  than  lambs  fed  the  whole  grains; 
but,  although  the  selling  price  was  hi^rher  for  lambs  fed  the  pellets,  the  re- 
turns were  less  because  of  the  increased  cost  of  pelleting  the  rations.     The 
carcass  grades  obtained  indicated  that  more  choice  lambs  were  produced  frcra 
lambs  fed  the  complete  pellet.     The  authors  reported  tliat  the  lambs  fed  the 
complete  pelleted  rations  appeared  to  go  on  feed  quicker  and  have  less  di- 
gestive trouble  than  the  other  lambs. 

The  Sutter  Basin  Land  Company  of  California  (5)  made  one  of  the  first 
attempts  at  large  scale  feediijg  of  pellets  to  feeder  lambs.     The  Company 
had  30,000  feeder  lambs  on  a  pelleted  ration  consisting  of  70  percent  rough- 
age and  30  iDercent  concentrate  mix  that  contained  57  percent  dehydrated  al- 
falfa meal,  35  percent  barley  and  eight  percent  molasses.     The  lambs  oa  the 
pelleted  ration  gained  an  average  of  0.U8  pound  per  day  and  were  upgraded 
frcsn  strictly  ccmmercials  to  better  than  90  percent  choice  grade.     The  re- 
sults of  the  large  scale  feeding  showed  an  800  pound  consumption  of  loose 
feed  compared  to  625  pounds   of  pellets  for  the  same  number  of  sheep  fed  for 
the  same  number  of  days. 


k 


It  should  be  pointed  out  that  the  studies  of  Neale  (8,  9),  Gate,  et  al. 
(3),  Thotaas,  et  al.  (12)  and  the  Sutter  Basin  Land  Company  (5)  were  compli- 
cated by  the  presence  of  molasses  in  the  rations  fed.  Thomas  stated  that 
dried  beet  pulp  apparently  added  to  the  palatability  of  a  ration  and  helped 
prevent  digestive  disorders.  Larabs  fed  a  ration  containing  dried  beet  pulp 
made  more  econoraical  gains  than  lambs  fed  rations  without  dried  beet  pulp. 

In  a  different  type  of  study  excluding  molasses  fraii  the  rations.  Bell, 
et  al.  (1)  found  that  pelleting  a  ratbn  with  a  ratio  of  either  6$  percent  al- 
falfa hay  to  35  percent  corn  or  55  percent  alfalfa  hay  to  kS   percent  com, 
resulted  in  greater  gains  per  lamb.  However,  at  the  price  level  used,  the 
lambs  fed  the  ntxi-pelleted  rations  gave  the  greatest  returns.  A  ratio  of 
55  percent  roughage  to  U5  percent  concentrates  produced  greater  and  more  ef- 
ficient gains  than  the  65-35  ratio  in  both  pelleted  and  onpelleted  rations. 

John  (6)  obtained  uniform  results  in  digesticxi  studies.  He  reported 
that  the  percentage  of  fiber  digested  in  the  pelleted  rations  was  only  half 
as  £reat  as  the  pf^rceatage  of  fiber  di^jested  in  the  unpelleted  rations.  Di- 
gestion coefficients  of  the  pelleted  feeds  were  higher  for  protein  and  ether 
extract;  therefore,  there  were  no  noticeable  differences  in  the  total  diges- 
tible nutrients  in  the  pelleted  and  unpelleted  rations.  John  also  reported 
that  the  lambs  fed  the  pelleted  rations  reta  ned  a  much  higher  averape  oer- 
cent  of  nitrogen  than  the  lambs  on  similar  but  unpelleted  feeds.  This  could 
be  expected  as  the  feeding  trials  showed  an  increase  in  rate  of  gain  over 
the  lambs  fed  the  unpelleted  rations.  Also  tiierc  was  a  higher  percentage  of 
protein  digested  in  the  palleted  feeds  which  would  make  more  nitrogen  avail- 
able for  retention. 


Results  of  pelleting  a  ratioi  of  Icafir  and  alfalfa  hay  for  fattening 
lambs  frcHn  the  feeding  trials  conducted  by  Noble,  et  al.   (10)  of  the  Okla- 
homa Agricultural  Experiment  citation  showed  a  veiy  slight  increase  in  rate 
and  efficiency  of  gain  fron  lamba  given  pelleted  raticais  compared  to  the 
gains  made  by  lambs  £iven  similar,   unpelleted  rations.     At  the  price  level 
used,  the  feed  cost  per  hundred  pounds  of  gain  was  slightly  more  economical 
on  the  pelleted  ration.     The  lambs  fed  pellets  sold  for  a  higher  price  per 
hundred  weight  and  returned  slightly  more  profit. 

Jordan,  et  al.  (7)  of  the  Minnesota  Agricultural  Experiment  Station  re- 
ported that,  despite  the  saving  in  feed,  the  cost  of  gain  in  the  lots  fed 
the  pelleted  corn  and  alfalfa  was  greatly  increased  and  the  profit  per  lamb 
decreased  due  to  the  high  cost  of  pelleting.     Jordan  and  his  co-workers  ob- 
served during  the  feeding  trails  that  the  lambs  getting  their  ration  entirely 
in  the  form  of  pellets  built  up  a  ravenous  appetite  for  some  roughage.     Dur- 
ing the  latter  part  of  the  feeding  period  they  were  gnawing  an.  the  wooden 
feed  bunks  and  fence  posts. 

Tests  at  V/ashington  State  College  (Schneider,  et  al.,  11)  showed  no  in- 
crease in  the  rate  of  gain  or  efficiency  of  gain  from  lambs  hand-  or  self- 
fed  pelleted  rations  when  compared  to  lambs  getting  unpelleted  rations. 

Bowstead  of  the  University  of  Aloerta  (2)  compared  the  two  methods  of 
fattening  lambs,   (a)  hand-feeding  limited  amounts  of  long  hay  with  full-feed- 
ing of  whole  grain,  and  (b)  self -feeding  a  pelleted  mixture  of  US  percent 
ground  hay  and  55  percent  ground  grain.     He  also  compared  an  alfalfa  ration 
and  a  non-legume  hay  ration  when  hand-fed  and  when  pelleted  and  self -fed. 
The  results  of  these  trials,  which  indicate  that  self-fed  oelleted  raticna 
were  not  utilized  as  efficiently  as  the  hand-fed  long  hay-whole  grain  ratiois. 


are  not  in  agreement  with  similar  experiments  conducted  elsewhere.  In  most 
cases  reported  by  other  scientists,  results  have  shown  that  lambs  self -fed 
pelleted  rations  consumed  less  feed,  made  mors  rapid  gains,  and  required 
less  feed  per  unit  of  gain  than  lambs  hand-fed  long  hay  and  grain  in  the  same 
proportion. 

FEEDING  TRIAL 
Experimental  Procedure 

One -hundred-forty  white-faced  and  black-faced  ewe  and  wether  lambs,  orig- 
inating in  Colorado,  were  purchased  in  late  October  on  the  Kansas  City  market 
for  use  in  the  feed-lot  and  metabolism  studies.  Upon  arrival  at  the  feed-lot, 
the  lambs  were  placed  in  a  large  lot  with  an  open  siied.  During  the  adjust- 
ment period,  the  lambs  liad  access  to  prairie  hay  and  water  for  the  first 
three  days,  followed  by  a  few  days  of  a  ration  of  long  alfalfa  hay.  Finally, 
to  accustGra  the  lambs  to  f'ill  feed,  each  lamb  was  fed  daily  one  pound  of  oel- 
lets  containing  60  percent  roughage  and  1+0  percent  corn  plus  free  access  to 
long  alfalfa  hay. 

The  lambs  were  ear  tagged,  weighed,  and  randomly  placed  into  six  lots, 
each  consisting  of  22  la-nbs  averaging  approximately  78  pounds.  The  eight 
heaviest  white-faced  wether  lambs  were  reserved  for  use  in  the  metabolism 
trials. 

The  79-day  feeding  period  began  on  November  8  when  each  of  the  six  dif- 
ferent lots  received  its  assigned  ration.  Each  lot  of  lambs  was  confined 
throughout  the  trial  to  its  own  pen  which  extended  fron  the  open  shed.  All 


raticKig  were  hand -fed  morning  aad  evening.  The  animals  on  the  unpelleted 
rations  were  allowed  at  each  feeding  l5  to  20  minutes  to  clean  up  the 
cracked  corn  portion  and  as  much  time  as  needed  to  consume  the  chopped  al- 
falfa hay.  The  amount  of  feed  for  each  lot,  with  the  exception  of  the 
cracked  corn  in  the  unpelleted  rations,  was  determined  by  the  amount  the 
lambs  could  clean  up  before  the  next  feeding  period.  Two  feeding  racks  per 
pen  were  located  under  the  protection  of  the  shed  with  water  and  salt  avail- 
able at  all  times. 

Trie  lots  received  the  following  raticaisJ 
Lot  1.  Pellets  ccaisisting  of  60  percent  suncured  alfalfa  hay  and  UO  percent 

corn  plus  O.U  pound  alfalfa  hay  per  lamb  daily. 
Lot  2.  Pellets  consisting  of  60  percent  dei^drated  alfalfa  meal  and  kO   per- 
cent com  plus  O.U  pound  alfalfa  hay  per  lamb  daily. 
Lot  3.  Unpelleted  ration  consisting  of  65  percent  chopised  alfalfa  hay  and 

35  oercent  cracked  corn. 
Lot  k'   Unpelleted  ration  consisting  of  55  percent  chopped  alfalfa  hay  and 

kS   percent  cracked  corn. 
Lot  5»  Pellets  consisting  of  50  percent  suncured  alfalfa  hay  and  50  percent 

corn  plus  O.ii  pound  alfalfa  hay  per  lamb  daily. 
Lot  6.  Pellets  consisting  of  50  percent  dehydrated  alfalfa  meal  and  50  per- 
cent corn  plus  O.U  pound  alfalfa  hay  per  lamb  daily. 
Enough  chopped  alfalfa  hay  (O.U  pound)  was  fed  daily  to  each  lamb  on  the 
pelleted  rations  to  change  the  ratios  of  roughage  to  corn,  thus  making  the 
60-IiO  and  50-50  pelleted  rations  equivalent  to  65-35  and  55-U5,  respectively. 

The  majority  of  the  lambs  in  each  lot  went  to  a  full  feed  of  their  re- 
spective ration  within  7  to  Hi  days.  In  Lot  k   one  lamb  died  of  pneamonia 


and  three  lambs  refased  to  eat  cm  the  fiftoenth  day  of  the  test.  The  amount 
fed  was  adjusted  to  the  decreased  number  of  lambs  but  It  xcas  two  full  weeks 
before  a  stable  amount  of  feed  was  fed  daily.  A  lamb  ia  Lot  6  died  of  enter- 
otoxemia  during  the  eighth  week  of  the  feeding  trial  and  the  feed  was  re- 
duced accordingly. 

Second -cutting  alfalfa,  taken  from  the  sane  field  at  the  Kansas  State 
College  Farm,  was  used  in  all  the  rations  of  this  test.  A  part  of  the  al- 
falfa was  dehydrated  at  the  time  of  cutting  and  used  later  in  the  dehydrated 
pellets.  The  remainder  was  sancured  in  the  field,  baled,  and  stored  in  a 
barn  'ontil  the  suncured  alfalfa  and  corn  pellets  were  made  in  September. 
All  the  chopi^ed  alfalfa  hay  used  in  the  test  came  from  the  stored  bales  and 
was  chopped  with  an  ensilage  cutter.  The  corn  for  each  ration  was  taken  frora 
the  same  bulk  lot  at  the  Manhattan  Mill, 

A  cheTiical  analysis  was  made  of  each  of  the  pelleted  feeds,  the  corn, 
and  the  alfalfa  hay.  The  percentage  of  moisture,  protein,  ether  extract, 
crude  fiber,  nitrogen-free  extract,  mineral  matter  and  carbohydrates  found 
in  each  feed  is  shown  in  Table  1. 

The  lambs  were  individually  weighed  at  the  beginning  of  the  study, 
aice  every  two  weeks,  and  at  the  termination  of  the  study  on  January  26,  1956. 
The  lambs  were  individually  graded  by  three  experienced  college  staff  mem- 
bers. Each  £rade  was  assigned  a  namc?rical  value  in  oilier  to  determine  the 
average  grade  for  each  lot.  Following  is  a  listing  of  the  values  assigned 
the  different  grades: 

Choice  plus   1         Cfood  plus  h  Utility  plus   7 

Choice       2         Good       5         Utility       8 
Choice  minus  3         Good  minus  6         Utility  minus  9 
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Records  were  kept  daily  of  each  lot's  feed  intake.  At  the  end  of  the 
study,  records  were  made  of  the  averages  of  the  daily  £ain,  of  the  daily 
feed  intake  per  lamb  and  feed  intake  per  hundredweight  of  gain,  and  of  the 
financial  results. 

The  lambs  were  sold  on  the  St.  Joseph,  Missouri,  market  on  January  30. 
The  carcasses  were  graded  by  a  United  3tr:tes  Department  of  Agriculture 
grader.  The  carcass  grades,  choice  and  jrood,  were  assigned  nunerical  values 
of  2  and  5>  respectively,  in  order  to  deter.7iine  the  average  grade  for  each 
lot. 

Results  and  Discussion 

Lambs  fed  the  pelleted  rations  gained  faster  than  the  lambs  fed  sinilar, 
unpelleted  rations.  The  increased  rates  of  gain  apparently  resulted  frcm 
greater  efficiency  of  feed  utilization  rather  than  increased  feed  consumption, 
since  the  quantity  of  the  pelleted  rations  consumed  was  sinilar  to,  or 
smaller  tiian,  that  of  the  unpelleted  rations. 

The  pellets  made  of  dehydrated  alfalfa  meal  and  corn  did  not  produce  as 
large  or  as  efficient  gains  as  the  pellets  made  of  suncured  alfalfa  hay  and 
corn.  The  gains  made  by  the  lambs  fed  dehydrated  alfalfa  pellets  cost  ap- 
proximately ^3.00  more  per  100  pounds  of  gain  than  when  the  suncured  alfalfa 
pellets  were  used. 

Slightly  larger  gains  were  produced  by  the  pellets  containing  the  high- 
er proportion  of  roughage,  but  the  advantage  in  efficiency  and  econaiy  was 
not  consistent.  When  unpelleted  rations  were  fed,  the  ration  consisting  of 
i>^  percent  roughage  and  U5>  percent  corn  was  more  efficient  and  economical. 
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This  af^reea  with  results  of  previous  years.     Despite  larger  pains  and  great- 
er feed  efficiency  on  pelleted  rations  containing  55  percent  roughage  and  hS 
percent  corn,  the  cost  of  gaLn  -ms  hii-her  than  on  similar,  unpelleted  rations, 
When  the  raticns  contained  6$  percent  roughape  and  3p  percent  com,  the  pel- 
leted ration  containing  suncured  alfalfa  hay  and  corn  produced  the  cheapest 
gains,  followed  by  the  65-35  unpelleted  ration. 

All  larnbs  sold  at  the  same  market  price.     There  were  no  consistent 
differences  in  live  merket  grades  and  carcass  grades  of  the  lambs  fed  the 
different  rations.     A  summary  of  the  feed-lot  perfonnance  of  lambs  fed  pel- 
leted and  unpelleted  rations  of  varying  concentrations  is  shown  in  Table  2. 

METABOLISM  STUDIES 

Experimental  Procedure 

Eight  white-faced  wether  Western  feeder  lambs,  averaging  8U.5  pounds, 
were  used  in  the  metabolisra  trials  of  this  study.     Their  preliminary  feeding 
period  was  the  same  as  for  the  lambs  in  the  feed-lot.     The  eight  lambs  were 
transferred  to  the  metabolism  rocra  on  November  9  where  they  were  confined  in 
individual  crates,  esi^ecially  designed  for  this  type  of  experiment,   umtil 
five  metabolism  trials  had  been  run.     At  the  end  of  the  trials  the  lambs 
were  returned  to  the  feed-lot. 

The  crates  were  constructed  with  a  screen  covered  metal  pan  which 
sloped  toward  the  rear  to  facUitate  the  collection  of  urine  in  a  bottle. 
The  feces-collection-screen,  which  was  removable,  set  five  inches  from  the 
floor  grating  of  the  crate.     An  illustration  of  one  of  the  crates  used  in 
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this  study  is  shown  in  Plate  !♦ 

Each  lamb  was  immediately  assigned  to  a  specific  ration  and  was  started 
on  a  6-day  adjustment  feeding  period.  During  the  digestion  trials  the  lambs 
were  individually  fed  twice  daily.  The  rations  fed  were  the  same  as  those 
fed  at  the  feed -lot  with  the  exception  that  the  6O-I4O  pelleted  rations  did 
not  receive  any  additional  cheeped  alfalfa  hay. 

During  the  first  three  metabolism  trials,  the  6O-UO  pelleted  and  unpel- 
leted  rations  were  used  simultaneously  in  order  to  eliminate  environmental 
influences.  These  rations  were  used  in  rotaticai  until  all  lambs  had  been  cwi 
each  of  the  rations  for  one  collection  period.  The  last  two  metabolism 
trials  used  the  same  rations  Lots  5  and  6  received  at  the  feed-lot  and  again 
the  raticais  were  fed  simultaneously  and  rotated  until  all  lambs  had  been  on 
both  rations  for  a  7-day  collection  period.  An  adjustment  period  of  four 
to  five  days  was  allowed  between  each  of  the  five  metabolism  trials.  During 
the  adjustment  period  the  lambs  were  fed  the  ration  they  were  to  receive  in 
the  subsequent  trial.  irJater  was  available  to  the  lambs  at  all  times,  and  a 
trace  of  coarse,  granular  salt  was  sprinkled  over  the  individual  rations  once 
daily. 

In  the  course  of  the  third  trial  one  lamb  had  to  be  removed  frcmi  the 
test  because  of  scours  but  he  was  on  fall  feed  in  time  to  be  included  in  the 
two  remaining  trials.  Another  lamb  refused  to  eat  before  the  beginning  of 
the  fourth  trial  and  had  to  be  removed  from  the  last  two  metabolism  trials. 

Feces  and  urine  were  collected  separately  and  quantitatively  frcm  each 
animal  daily  at  li:00  p.m.  for  the  seven  ccnsecutive  days  of  the  metabolism 
trial.  The  first  collection  was  made  on  November  15 . 


EffUI^TIOM  OF  PUTE  I 

Picture  of  a  raetaboligm  crate  designed  for  the  collection 
of  feces  and  urine  which  was  used  for  the  metabolism 
studies* 


C 


16 


?ece3  Collection.  Each  2li  hour  feces  collection  was  weighed  and  a  10 
percent  aliquot  was  placed  in  a  porcelainized  pan.  This  pan  was  placed  in 
a  drying  oven  set  at  95  degrees  Centigrade.  On  the  following  afternoon 
another  10  percent  aliquot  was  added  to  the  pan  and  the  pan  returned  to  the 
^   drying  oven.  This  procedure  continued  until  seven  consecutive  collections 
'   were  made.  After  the  final  aliquot  was  added,  the  feces  remained  in  the 
drying  oven  for  five  to  seven  days  or  until  the  feces  were  completely  dry. 
The  dry  feces  of  the  individual  lambs  were  weighed,  transferred  to  glass 
jars,  sealed,  aiid  talcen  to  the  college  chemical  laboratory  for  quantitative 
analysis.  Tlie  feces  were  analyzed  to  determine  the  percentage  of  protein, 
ether  extract,  crude  fiber,  moisture,  mineral  matter,  nitrc^en-free  extract, 
and  carbohydrate  found  in  the  separate  samples. 

Urine  Collection.  The  2h   hour  urine  collections  of  individual  lambs 
were  measured  each  afternoon.  An  approximate  five  percent  aliquot  of  each 
was  transferred  to  glass  jars.  Toluene  was  added  as  a  preservative  before 
the  jars  were  sealed  and  set  in  a  cool  place  until  the  following  day  when 
another  five  percent  aliquot  was  added.  This  procedure  continued  until 
seven  consecutive  collections  had  been  made.  The  urine  was  also  taken  to 
the  college  chemical  laboratory  for  a  quantitative  analysis  of  nitrogen 
ccaitent. 

Method  of  Calculations.  The  coefficients  of  digestibility  and  percent- 
a£e  of  the  total  digestible  nutrients  were  determined.  To  determine  the 
amount  of  each  nutrient  that  was  consumed,  the  total  weight  of  feed  eaten 
was  multiplied  by  the  peircentage  composition  of  each  nutrient.  The  values 
for  excreted  nutrients  were  obtained  by  multiplying  the  dry  weight  of  the 
total  amount  of  feces  collected  by  the  percentage  composition  of  each 
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nutrient.  To  obtain  the  amount  of  each  nutrient  apparently  digested,  the 
amount  of  each  nutrient  voided  was  subtracted  from  the  amount  of  the  nutri- 
ent consumed.  Dividing  the  amount  of  the  nutrient  apparently  digested  by 
the  amount  of  that  nutrient  consumed,  the  apparent  digestibility  was  obtained, 
which  when  multiplied  by  100,  is  expressed  as  a  percentage.  To  obtain  the 
total  digestible  nutrients  the  percentages  of  digestible  protein,  nitrogen- 
free  extract,  crude  fiber,  and  ether  extract  x  2.25  were  added  together. 
This  sura  of  digested  nutrients  when  divided  by  the  total  weight  of  feed 
eaten  t;;ave  tlie  percentage  of  total  digestible  nutrients  (T.D.N. ). 

The  percentage  of  nitrogen  retained  by  the  individual  lambs  were  deter- 
mined. To  determine  the  amount  of  nitrogen  in  the  feces,  the  dry  weight  of 
the  total  amount  of  feces  collected  was  multiplied  by  the  percentage  of  ni- 
trogen in  the  feces  sample.  Dividing  the  amount  of  nitrogen  in  the  feces  by 
the  amount  of  nitrogen  consumed,  the  percentage  of  nitrogen  in  the  total  dry 
feces  was  obtained.  To  determine  the  amount  of  nitrogen  in  the  urine,  the 
total  amount  of  urine  collected  was  multiplied  by  the  amount  of  nitrogen  per 
milliliter  of  urine.  Dividing  the  amount  of  nitrogen  in  the  urine  by  the 
amount  of  nitrogen  consumed,  the  percentage  of  nitrogen  in  the  total  urine 
was  obtained.  The  percentage  of  nitrogen  in  the  feces  and  urine  was  obtained 
by  adding  together  the  percentage  of  nitrogen  in  the  total  dry  feces  collec- 
tion and  the  percentage  of  nitrogen  in  the  total  urine  collection.  This  sum 
when  subtracted  from  100  gave  the  percentage  of  nitrogen  retained  by  the 
lamb. 
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Results  and  Discussion 

Results  of  the  metabolism  studies  are  shown  in  Table  3.  With  the  ex- 
ception of  the  pelleted  ration  containing  60  perc^mt  dehydrated  alfalfa 
meal  and  UO  percent  com,  the  pelleted  rations  produced  higher  protein  and 
nitrogen-free  extract  digestion  coefficients  and  a  higher  percentage  of  to- 
tal digestible  nutrients  than  was  produced  by  the  unpelleted  ration.  The 
ether  extract  digestion  coefficient  of  the  pelleted  rations  was  higher  th.an 
the  unpelleted  ration.  The  pelleted  raticais  containing  60  percent  roughage 
and  kO  percent  corn  were  lower  in  the  percentage  of  crude  fiber  digested 
tlian  in  the  unpelleted  ration,  but  the  pelleted  rations  containing  $$   per- 
cent roughage  and  U5  percent  com  were  higher  in  the  percentage  of  crude 
fiber  digested  than  the  unpelleted.  The  percentage  of  the  nitrogen  retained 
nas  higher  in  all  pelleted  rations  than  in  the  unpelleted  ration. 

The  pelleted  rations  containing  60  percent  roughage  and  UO  percent  com 
were  not  different  in  the  percentage  of  crude  fiber  digested.  This  was  also 
true  of  the  pelleted  ration  containing  55  percent  roughage  and  ii5  percent 
corn.  However,  the  60-liO  and  55-U5  pelleted  rations  differed  in  the  percent- 
age of  protein,  ether  extract,  and  nitrogen-free  extra.ct  digested.  The  sun- 
cured  alfalfa  and  corn  pellets  of  both  proportlais  produced  a  higher  protein 
digesticax  coefficient  than  the  dehydrated  alfalfa  and  corn  pellets  of  both 
proportions.  The  two  dehydrated  alfalfa  and  corn  pellet  rations  produced  a 
higher  ether  extract  digestion  coefficient  than  the  suncured  alfalfa  and  com 
pellets.  The  percentage  of  total  digestible  nutrients  was  higher  in  the  pel- 
leted ration  containing  60  percent   suncured  alfalfa  hay  and  UO  percent  corn 
than  in  the  pelleted  ration  containing  60  percent  dehydrated  alfalfa  meal 
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and  liO  percent  corn.  There  was  no  difference  between  the  nitrogen-free  ex- 
tract digestion  coefficient  and  the  percentsige  of  total  digestible  nutrients 
in  the  pelleted  rations  containing  55  percent  roughage  and  U5  percent  com. 
The  percentage  of  nitrogen  retained  was  higher  in  the  pelleted  ration  contain- 
ing 60  percent  dehydrated  alfalfa  meal  and  UO  percent  corn  tlian  in  the  pel- 
leted ration  containing  sunoured  alfalfa  hay  and  corn  of  the  same  proporticHis. 
The  reverse  was  true  in  the  percentage  of  nitrogen  retention  of  the  pellets 
containing  55  percent  roughage  and  U5  percent  corn. 

The  results  of  the  metabolism  studies  definitely  confirmed  the  greater 
feed  efficiency  of  the  pelleted  ration  of  ^$  percent  roughage  and  hS   percent 
corn  over  tlie  rations  containing  60  percent  roughage  auid  it.0  pei'cent  corn. 
The  pellets  contai^iing  SB  percent  roughage  and  U5  percent  com  had  a  higher 
percentage  of  total  digestible  nutrients,  higher  digestiai  coefficients,  and 
a  higher  percentage  of  nitrogen  retained  than  the  other  rations  tested  in 
this  study. 

Since  results  of  previous  trials  using  the  55  percent  roughage  and  kS 
percent  com  pellets  have  indicated  the  greater  feed  efficiency  over  other 
proportions  of  roughage  and  com,  it  laay  be  assumed  that  an  optimum  physical 
balance  actually  exists  in  the  55-U5  ratio.  It  was  apparent  that,  as  the 
percentage  of  concentrates  decreased,  the  efficiency  of  feed  utilization 
turned  downward  (Cox,  it). 

The  effect  of  protein  content  of  the  raticxis  on  the  digestibility  is 
not  clear  since  the  rations  with  a  lower  protein  content  appeared  to  have 
greater  feed  efficiency.  This  feed  efficiency  is  apparently  correlated 
with  the  digestion  of  crude  fiber.  The  animals  that  digested  the  greatest 
percentage  of  total  digestible  nutrients,  utilized  a  greater  percentage  of 
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the  crude  fiber  coatent  of  their  rations.  Partially,  as  a  result  of  the 
higher  protein  digestion  coefficients,  these  animals  also  retained  the 
greatest  percentage  of  nitrogen.  Accordingly,  these  lainbs  should  have 
shown  tlie  highest  average  daily  gains  in  -toe  feed-lot,  but  apparently  due 
to  large  individual  variation  or  to  the  small  number  of  animals  used  in  the 
test,  tile  correlation  between  rate  of  gain  and  nitrogen  retention  was  not 
evident. 

One  of  the  most  significant  figures  presented  in  Table  3  is  the  negative 
nitrogen  retention  percentage  of  the  lambs  fed  the  unpelleted  ration,  ^his 
negative  nitrogen  balance  and  the  negative  balance  of  one  of  the  lambs  fed 
the  60-UO  pelleted  rations  gave  indications  of  the  depletion  of  the  protein 
reserves  of  the  lambs.  It  was  observed  during  the  metabolism  trials  tliat 
the  lambs  on  tiie  unpelleted  60-U0  ration  lost  protein  through  the  slouching 
and  bleeding  of  the  mucous  membrane  of  the  intestine.  The  depletion  of  the 
protein  reserve  may  have  been  due  to  starvation  as  the  lambs  fed  the  uiii:)el- 
leted  ration  in  the  metabolism  study  woold  consame  only  an  average  of  0.617 
pound  of  cracked  corn  and  0.925  pound  chopped  alfalfa  liay  daily,  while  at 
the  feed -lot,  the  lambs  on  the  unpelleted  ration  containing  65  percent 
chopped  alfalfa  hay  and  35  percent  cracked  com  consumed  1.21  pounds  of 
corn  and  2.28  pounds  hay  daily.  Thus,  the  lambs  in  the  metabolism  study  cosi- 
sumed  1.95  pounds  less  f ^  ed  daily  or  were  eating  UU  percent  of  the  total 
amount  of  feed  being  eaten  at  the  feod-lot.  The  lambs  on  the  other  four 
metabolism  rations  consumed  69  to  76  percent  of  the  total  amount  of  feed  con- 
sumed per  animal  at  the  feed-lot.    '■  \ 

The  negative  nitrogen  balance  could  also  be  due  to  the  non-conversion 
in  the  rumen  of  part  of  the  nitrogen  intake  to  protein  thus  requiring  further 
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enzymatic  action  for  absorption.  The  non-converted  nitrogen  would  then  be 
absorbed,  possibly  as  ammonia,  and  eliminated  through  the  kidneys. 

The  lamb,  that  was  removed  fro?r.  the  last  two  trial  periods  of  metabolisni 
studies,  refused  to  eat  for  no  apparent  reason.  During  the  course  of  the 
metabolism  studies  this  lamb  lost  15  pounds  of  body  weight. 

After  the  third  day,  an  interesting  observation  was  the  absence  of  rum- 
ination by  lambs  fed  the  pelleted  ration  without  the  addition  of  chopped  al- 
falfa Jiay.  Ramination  recurred  almost  immediately  when  the  ration  included 
cheeped  alfalfa  hay. 

SUMMARY 

Six  different  pelleted  and  unpelleted  rations  of  varying  concentrations 
were  fed  to  132  Western  feeder  lambs.  Eight  additional  lambs  were  used  for 
.  metabolism  studies.  The  lambs  were  randcnly  separated  into  six  lots  of 
equal  number  and  approxijinately  equal  weight.  Three  rations,  two  pelleted 
and  one  unpelleted,  consisting  of  65  percent  roughage  and  35  percent  corn 
were  corapared  with  three  rations,  two  palleted  and  one  unpelleted,  consist- 
ing of  %   percent  roughage  and  U5  percent  corn.  The  roughage  compared  in 
the  pelleted  rations  were  suncored  alfalfa  hay  and  dehydrated  alfalfa  meal. 

Lambs  fed  the  pelleted  rations  gained  faster  than  the  lambs  fed  similar, 
unpelleted  rations.  The  dehyarated  alfalfa  meal  and  corn  pellets  did  not 
produce  as  efficient  gains  as  the  suncured  alfalfa  hay  and  com  pellets. 
Slightly  larger  gains  were  produced  by  the  pellets  containing  the  higher 
proportion  of  roughage.  Conversely,  the  unpelleted  ration  of  lower  rough- 
age content  was  more  efficient  and  economical  than  the  unpelleted  ration 
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using  a  higher  proportion  of  roughage.     There  were  no  differences  in  live 
market  grades  and  carcass  grades* 

In  the  metabolism  studies  the  7-day  collection  method  was  followed. 
The  digestion  coefficients,  total  digestible  nutrients,  and  nitrogen  reten- 
tion were  higher  in  the  pelleted  ratitms  containing  55  percent  roughage  and 
li5  percent  com.     There  was  a  alight  difference  in  the  digestion  coefficients 
and  the  total  digestible  nutrients  but  a  greater  difference  in  the  amount  of 
nitrogen  retained  between  pelleted  and  unpelleted  rations  containing  60  per- 
cent roughage  and  UO  percent  corn.     Mo  consistent  metabolic  differences  were 
determined  between  the  suncured  alfalfa  hay  and  com  pellets  and  the  dehy- 
drated alfalfa  meal  and  com  pellets.     The  unpelleted  ration  produced  a  def- 
inite negative  nitrogen  balance  which  could  have  been  the  result  of  protein 
loss  through  the  sloughing  and  bleeding  of  the  mucous  membrane  of  the  intes- 
tines,  of  starvation,   or  could  be  due  to  the  non-conversion  of  part  of  the 
nitrogen  intake  thus  causing  an  increased  nitrogen  elimination  as  aiTmcxiia 
tlirough  the  kidneys. 


:    >      ■'■■      ,1 

COMCLUSIONS 


From  the  data  presented  in  this  report  the  following  conclusions  were 
made : 

1,  In  the  feed-lot  trials  the  lambs  fed  pelleted  rations  gained  faster  than 
lambs  fed  similar,  unpelleted  rations. 

2.  In  the  feed -lot  trials  the  pellets  made  of  dehydrated  alfalfa  meal  and 
com  did  not  produce  as  large  or  as  efficient  gains  as  the  pellets  made 
of  suncured  alfalfa  hay  and  com. 
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3.  In  the  feed-lot  trials  the  55-U5  unpelleted  ration  was  more  efficient 
guid  economical  than  the  6$-3^  unpelleted  ration. 

k*   The  lambs  that  digested  the  greatest  percentage  of  total  digestible  nu- 
trients, utilized  a  greater  percentage  of  the  crude  fiber  content  of 
their  rations. 

5«  The  results  of  the  metabolism  studies  definitely  confirmed  the  greater 
feed  efficiency  of  the  pelleted  rations  of  55  percent  roughage  and  U5 
percent  cora  over  the  rations  containing  60  percent  roughage  and  UO  per- 
cent corn. 

6.  Since  results  of  previous  trials  using  SS   percent  roughage  and  It5  percent 
corn  pellets  have  indicated  the  greater  feed  efficiency  over  other  pro- 
portions  of  roughage  and  corn,  it  may  be  assumed  that  an  optimum  physical 
balance  actually  exists  in  the  B$-h$  ratio. 
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This  experiment  was  designed  to  study  the  feed-lot  efficiency  and  utill- 
aation  of  pelleted  and  onpelleted  rations  of  varying  concentrations  for  fat- 
tening lambs,  and  to  compare  the  utilization  of  suncured  alfalfa  hay  and  de- 
hydrated alfalfa  meal  in  the  pellet  form. 

One -hundred-forty  white-faced  and  black-faced  ewe  and  wether  Western 
lambs  were  used  in  feed-lot  trials  and  metabolism  studies.     The  lambs  were 
randomly  placed  in  six  lots,  each  ccxisisting  of  22  lambs  averaging  approxi- 
mately 78  pounds.     The  eight  heaviest  white-faced  wether  lambs  were  used  in 
the  metabolism  studies. 

Six  different  pelleted  and  unpelleted  rations  of  varying  proportions  of 
roughage  and  corn  were  hand-fed  twice  daily  during  a  79-day  feeding  period. 
The  roughages  compared  in  the  pelleted  rations  were  suncured  alfalfa  hay  and 
dehydrated  alfalfa  meal. 

The  six  lots  were  fed  the  six  rations  with  one  lot  of  lambs  on  each  ra- 
tion.    Two  lots  i^oeived  unpelleted  rations,   one  of  the  two  rations  consisted 
of  65  percent  chopped  alfalfa  hay  and  35  percent  cracked  corn,  and  the  other 
consisted  of  55  percent  chopped  alfalfa  hay  and  U5  percent  cracked  corn. 
Two  of  tiie  lots  received  the  60-itO  pellets,   one  of  the  pelleted  rations  con- 
tained suncured  alfalfa  hay  as  the  roughage  and  the  other  contained  dehydrated 
alfalfa  meal.     Two  lots  received  the  50-50  pellets,   one  of  the  pelleted  ra- 
tions contained  suncured  alfalfa  hay  as  the  roughage  and  the  other  contained 
dehydrated  alfalfa  meal.     In  addition  to  the  pellets  in  the  pelleted  rations, 
O.U  pound  of  chopped  alfalfa  hay  was  fed  daily  to  each  lamb  to  change  the 
ratios  of  roughage  to  com,  thus  making  the  60-U0  and  50-50  pelleted  rations 
equivalent  to  65-35  and  55-U5,  respectively. 


LaTibs  fed  the  pelleted  rations  gained  faster  than  the  lambs  fed  similar, 
uapelleted  rations.     The  dehydrated  alfalfa  meal  and  com  pellets  of  both 
proportions  did  not  produce  as  efficient  gains  as  the  suncored  alfalfa  hay 
and  corn  pellets  of  both  proportions.     The  pellets  containing  the  higher  pro- 
portion of  rouchage  (65-35)  produced  slightly  higher  gains.     Conversely,  the 
unpelleted  ration  consisting  of  the  lower  proportion  of  roughage  (55-U5)  pro- 
duced more  efficient  and  economical  gains.     No  consistent  differences  were 
evident  in  the  live  market  grades  and  carcass  grades. 

Eight  white-faced  wether  Western  feeder  lambs,  averacing  81^.5  pounds, 
were  used  in  the  five  metabolism  trials.     The  lambs  were  confined  to  indivi- 
dual, especially  designed  crates.     The  rations  fed  twice  daily  jbtz  the  same 
as  those  fed  at  the  feed-lot  with  the  exception  that  the  60-1*0  pelleted  ra- 
tion did  not  receive  any  additional  chopped  alfalfa  hay.     During  the  first 
three  metabolism  trials,  the  60-UO  pelleted  and  unpelleted  rations  were  used 
simultaneously  and  in  rotation  'ontil  all  lambs  had  been  on  each  of  the  ra- 
tions for  one  collection  period.     The  last  two  metabolism  trials  used  the 
two  50-50  pelleted  rations,   cme  of  the  two  rations  contained  suncured  alfal- 
fa hay  and  the  other  contained  dehydrated  alfalfa  meal.     Enough  additional 
chopped  alfalfa  hay  was  fed  daily  to  change  the  50-50  ratio  to  55-Ii5.     The 
55-li5  pelleted  rations  were  fed  sl-nultaneously  and  rotated  until  all  lambs 
had  been  on  both  rations  for  one  collection  period, 

A  twenty-four  hour  feces  and  urine  collection  was  made  daily  for  the 
seven  days  of  each  trial. 

The  digestion  coefficients,  total  digestible  nutrients  and  the  percent- 
age of  nitrogen  retained  were  higher  in  the  55-U5  pelleted  rations  than  In 
the  60-UO  pelleted  and  unpelleted  rations.     There  was  a  slight  difference 


between  the  digestion  coefficients  and  total  digestible  nutrients  of  the 
60-kO  pelleted  and  onpelleted  rations.     The  amount  of  nitrogen  retained  viaa 
higher  in  the  60-140  pelleted  rations  than  in  the  6O-UO  unpelleted  ration. 
There  were  no  consistent  .netabolic  differences  between  the  suncured  alfalfa 
hay  and  corn  pellets  of  both  proportions  and  the  dehydrated  alfalfa  meal 
and  corn  pellets  of  both  proportions.     The  results  of  the  metabolism  studies 
showed  a  greater  feed  efficiency  for  the  55-U5  pelleted  rations  over  the 
60-UO  pelleted  and  unpelleted  rations. 
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